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N A S A  h:is c o m m i s s i o n e d  n group of  scic.ntisls,  cng, inccrs,  C(IUC:I1OIS  at]d
(cchnolog,isls 10 jJrc.paIc  a  “l<oad M:ip” for Sol:II  Sys(c III cx]]lor:ition  uhict]  COVCIS IIIC
I)C.X1 15-2(1  YCAI’S. ‘J’his Road h4:ip is  c.xpc.ctd  to s e r v e  ;is n gui(lc  for t h e  conlinualioi~  01
S o l a r  SysIcm c.xplora[iol]  and fu[urc s]~:tcc scicllcc activi(ics  SII]JIJOI-IC(I  by N A S A .  ‘1’l~c
Roa(l  M a p  i s  cIIIrcIItly  in (Ir:lfl f o r m ,  howcvct, i[ i s  sufficicnl]y  (Icvclopc(l  a l  IIlis [inlc
to bc ab le  10 dcsclilm t h e  p r o c e s s  uscxi to :,c IIc Ialc it, aIl(l to F,ivc aII o v e r v i e w  of t h e
currcn(  platl.  A discussion of  the. planning  p r o c e s s all(l a S[:ltlls rcpor( 0 1 1  It)c Roa(l
h4a]) l-or solar Systcm cxl)lo]~ltion for tlIc lIcxt  two (lccadcs i s  (Icscribcd it] this p a p e r ,
limpl)asis  in t h i s  papcI  i s  on t h e  scicncc g,o:ils.

IN’J’I{O1)lJ(:’J’IC)N

Solar systcm exploration, using r o b o t i c  :iIl(l III: II IIIC(I spacccrafl, IJ:IS bccIJ o]]going
for m o r e  Ihtin 35 ymrs. Slnrlinf, wilh rot>olic” s]);[cccrafl l a u n c h e d  by the formcl’
11.S.S.1<. 10 IIIC moot]  in .lanunry 1959, atld rcncl~ing, lmyoll(l  to Cvcl”y plallct  f r o m
h4crcNIy  10 Ncptum, to a numtmr of satc]lilcs,  at~(l 10 a conlct,  m a n k i n d  i s  CIOSC to
Il:ivi]lg com})lctc. d i t s ini!ial survey of  tl~c Solar  Sys IcIII. Most of ll~c r o b o t i c  ])l:itlctaly
Spacccraf[ 11s(?(1 to ({tile have bccII Iaunchcd  by [he [Iniled  S t a t e s ,  h o w e v e r  il) recent
yc. ars j)lanclary  c.xploralion ll;is truly bccolllc :11) illtcrt)ational  endeavor. A  hcttcr
ll])(icls(:itl(lil]g, o f  0111’ solar  Syslcm aIId t h e  world w c  Iivc in has rcsultc(l froln t h e s e
activities; also, ]Ilall y nc. w insig,hts, i]npoltai)l  q(lcst ions and CI):IIICII:,CS  h a v e  bcrll
raised alot)g the way. ‘1’IICSC results have hcllcfitcd  al l  mankind,

As :1 follo\\’”  LIp to tl)c ]> IcI(I(Ic of tl)c first 35  Ycilis o f  SOI:II  Systcl~l  cxj~loralio]l,  hTASA’s
o f f i c e  o f  SIIficc  Scic.tJcc.(OSS) rcccn(ly  appoilitcd  a  I;ilg,c  (cam o f  scicntisls,  cnginccrs,
C(lllcalots, and tcchnolog,  isls 10 p r e p a r e  a  “Roa(l h4ap” for Solar  Systcm Exp lo ra t ion
wl]ich covers  tl)c I)cxt 15-20 y e a r s . ‘J’his ]<o:id  M:Ij)  i s  Cxl)cctcd  to sc.rvc a s  a  p,ui(ic  fot
tl)c (Icvcl[)pmcl)(  of flltlllc S p a c e scicncc.  act ivi t ies  witl]in  the Unltcd  S ta tes .
Gui(lclincs  for t h e  (Ic.vclopmcnt  o f  Ihc Road h4ap a r c tl)nl it shoul~i bc cxci(in~j,

scicn(ifical]y  mwar(linp,,  aI~d a f f o r d a b l e .  ‘1’hc Ro:I(l h4:lp shou]d :ilso  i(lcntify the kcy
scic]]lific  issue. s to bc a(l(lrcsscd  aII(l the ]Ilissiol)s  and t e c h n o l o g i e s nccdcd.  1)1”. Cllarlcs

l;lacl]i  f r o m  t h e  .Ic( l’mpulsion  l,:Iboralory  w a s asked  10 lead Ihc activity. A status
Icj~orI  of the R o a d  M a p  ])lannin~,  a c t i v i t y i s  (Icscribc(l  in ll]is  paper.

Srl’ul)}’ 1’1{()(:1;ss
‘1’IIc  ch:irtcr f o r  t h e  ]{oad M a p  (Icvcloptncn( ac[ility,  g,ivcn  below,  providc(l the

:,ui(iing principles for tl]c Road h4al) act ivi ty,
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il)(”l[{(l(’ 1/)[’ I(ltdcrt(tkit)g (~f Illc 1)(’.rl (’\J(~///liot)t\”\” SIC]) {!f (’.klct].vil’c ill-cvit[{
e~-l)l[)talioll [II)d sal)ll)lo tclllttl ,ftotll (lc((’.  vsil)lc I)[tdic.v, ill [I(ldiliolt  10 (ot)tl)lcliotl ((f
Illc OI’(’} [111 Sllrl’cy. 7’h(’r(:fotc ctlll)lj(i,~  iv .vIIo I{l(I 1)(s  j)l{I(”ed oil ])ldtlcl{Iry ]Ilol)ililj’
(local {tIId glol)ai), itt-silll sat))plc sli{diciv (,vI(tf(I(c (ttl(l (illllo, v])ll(’1”(’) (Illd s[illl/)lc

t“clllt”tl, 7’11(’  Road M{tp siIOI{ld (1( ’fi}lc  grotit)d lccl)t)olo,qy” d(’t)lo. v [Iv It’ell {I,v ,fligltt dri~lo.v
111[11  colild 1)(’ (i((c)t)tl)li.Yll(’(1\\ ’ill) ])t”o.vctjll)’ j)l(It)Il(’(1 iJ,Y t]ti.v.$ iotl. v//)tog}[!t)). v” (A{(it’
Milictllliilt)), hl(~t.v 2001/200.3,  Iji,v(ov(>ty,  “QIc. ) (I.Y }t’(’11 (I.V itllct”tl{t liotlal ))tiLvLsio\l. v. 7 ’11(’
lc(itu [tclivily SIIOIII(I  invol~’c (I l)tmd spcc[rl{t)t of III(I  xci(’ti(r cottlt}lutli ly, 111(J
ittdu.vlti(il  co]tll)lttilily (ILV I\Icll [I.< it)l(’trkvlcd I)ttl)lic. 11 SIIOIII(I IIS(I (iv a gitidillg  ~fto}))c
ll’ot”k) 1/)() t“(’c{’tll ~:ml)l(’x  )< C/ MJt”!, lhc N R C  t“cj)[)t”l  ot) “Al(t\i(igillg lIIC ,V])d(”c  ,V(” I(IIIC(I”,
111(’ <~()(1(’  ,V .vltalcgic  I)lat), ati(l IIIC ot)-goit]g”  .V$V1<LV  ~)l(iiltlittg [Ictil’ity.

‘ 1 ’ ( )  achicvc  (IK go:ils  s e t  for(ll  in t h e  Chnttcr, 1)1’. l;lilCl)i  fO1’lllC(l  IWO w o r k i n g ,  tC:llll  S
com])osed of scicntis(s, cng, ince. rs at]d induslry parlicip:lnls. l{acll o f  lllCSC lcams

p r e p a r e d  in(lcpcn(lcnt and dct:iilcd Road M:t]) o])tions.  Su~,g,cstiotls WCIC also solicited
from the cl~lirc  scicncc  c o m m u n i t y ,  [II a scicncc  w’o]-kshop  held al t h e  C a l i f o r n i a
IIlstilule of ‘1’cchnolop,y, M a r c h  4 - 5 , 199(,; (Iozcns  0 1  Icspon(lc.nts  proposc(l scicncc
lllc:tslltc]llctl(s  or m i s s i o n s  for inclusio]] in t h e  R o a d  M:Ip. Road Map mlttc. ri:lls

A  p:Iucl  o f  (lis[in~,uishd s c i e n t i s t s  and cn~, inccrs rcvicwcd  tl]c two indcpctldcnt
opt ions and other in]~uts from which they :isscml)lc(i  a  sitl~,lc  R o a d  M a p .  SOInc
m e m b e r s  of the Space Scicncc  Road, t h e  Commi[(cc OH Pl:tt]clary  lixplor:ition

((: OM1’l,liX), and t h e  So]:ir Sys[cm llxplor:ltion Subcomlnitlcc  ( S  S11S) w’crc. incl~l(lcd  on
it] order thal the final Ro:I(l h4:ip w o u l d  bc c l o s e l y linkc(l to the forma] N A S A  pl~ll~i~inp,
p rocess .  3’l~csc  otg:ll~i~:itiolls” a l s o  provi(ic(l  cxlcl}sikfc lo]-ln:(l  r e v i e w  o f  tl)c draft,  ‘1’IIc
final Road h4ap w i l l  bc itlpul into the SSIIX-NASA s(];itcg,ic  pl:II) f o r  Sol:Ir Systcm
cxplolation.

SI)ACIC S(;l I~;N(:lC’J’1ll’;  Nll’:S

(ictIc Ial p,ui(lancc  for the R o a d  h4ap ac t iv i ty  was  j)iot’idc(l  b y IIlc f o u r  scictlcc tllclllcs
witllitl tl~c.  N A S A  O f f i c e  o f  S p a c e  Scicmc(OSS). ‘1’IICSC lhcmcs corrcsl)ond  to tllc
fundamental  inlcllcctu:i]  questions which OSS Scc’ks 10 :ll)s\vcr.  ‘J’llc f o u r  tllclncs al’(’:

l’lanelar.}f  ,YySlcnl  Origin and livolutio)t; IIow  arc tl]c clldrac(ctistics  o f ’
(Ii ffrrcnt pl:it]c[s rclnlcd? w h a t  pl’occsscs  Sl);lpc lhc Iln(llrc  o f  pl:mcls? Which
I)l”occsscs arc currently taking  place? Wh:il  c:ii) wc Icartl about 1{:1111] by sttl(lyillp,
otllcl”  pl:lllct:lly t~odics? Arc there tcrlc.stlial-like pIaIIcts al’olllld  Otllcr  s l a t ’ s?

{)rigitt aIId l)i.vlribr( lion {)J l)~fc in the [Jjtiver,sc: w h a t  ~cl)cralcxl tl)c
condit ions for  Iifc on ltar[h? Was tlIc K’ e v e r  l i f e  clscwl)cic  in tllc sol:ir systctl]? IS
there l i fe clscwhctc in the universe?

,Vtill-l:{~ltl)-llclic)Lv])l\etc {:outtcc lion: Wl):il  is responsible
lhc Sun, a  typical  sl:Ir, on all time scales’? IIow ( l o  lhc map,l~ctic
U])l)c’rlllost atlllosphcl’cs o f  the. plalmls, csl)cciiilly 11:11(1), ICspoll(l
solar  ra(li:l[iot~  atl(l  solar  win(l? \VIIa[ (irivcs  t h e  soltir w i n d  at)(i

for lhc variabi l i ty  of
field regions and
to vali;itiotls it)

IIIC  (Iyn:imic
illtcll~lilllc[:ily Cllvlrolll)lcl)[? Wha( gOVCI-Il S Illc ol-ip,ill and accclc[ation o f  solal atl(l
p,alac[ic  cosmic rays? what g,ovcl’ns thci] ])ropa~:aliotl  lhrour,h [Ilc solal syslctn?
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TIIC Ga]axy  find the (Inivcrsc: n o w  d i d  s(Iuc  IuIc CYOIVC  f r o m  chaos? ]Iow (lid
p,alaxic,s  evolve, and whfit trigp, crs Ihc f o r m a t i o n  o f  stats”! IIOW al”c Sl:il’s  born, h o w  do
lllcy d i e ,  a n d  Whal al’c tl)c Collscqllcnccs  o f  Ihcil’ dcalhs”! Arc the fundamcn(a!  lauIs
of l~hysics invariant tllloll~,llollt” ‘ t h e  univctsc’?

QIJM’J’S

‘1’0 more rapidly identify the kcy sc ient i f i c  ques t ions ,

dcvclopmcnt o f  tcchniqu(’.s to achicvc a n s w e r s ,  tlIe Road

tllrcc bltsic “ q u e s t s ”  for knowlcd~c.. ‘1’hc  q u e s t s  in(licalc

aIId to stiml]latc  t h e

M a p  tcall)  dcvclopcd  a  S e t  o f
WhC1’C the Roa(l  h4ap

[Iclivi(ies ]cad in t h e  lon~, run, and w h y . ‘Ii,ach of the qucsls i n c l u d e s  b a s i c  ul)dcrlyin:

q[]csl ions about lhc u n i v e r s e  and our p l a c e  it)  i l .

QIlcsf #/l: ‘J’o lhplain lhc l~ormafion  and  ltvolulion o f  lhc Solar  Syslcm
and t h e  ILnrlh

● [J II(icrst:incl  tl~c origi[l o f  the solar  Ilcl)lll:l  a n d  (11(’ f o r c e s  !1):11  fol’l)lr(l  1;:11’11)
all(l  Oltlcl’  l’lancts

●  lklcrmine  t h e  cvolutionaq  proccsscs  lhal Icd to lhc
systcm ho(lics and lhc. unl(](lcncss  of I)lanct  ILarth

● lISC the cxolic  worlds of  our solar syslcm as  na tu ra l

Qllcst +/2: ‘ 1 ’ 0  (:harl our l)cstiny  in tlic Solar Systcm.

divrrsily  of  solar

scicilcc laboratories

● Ul)[lcrslalld  lIIC s o l a r  Sysfcm f[)lccs all(l ])1 OCCSSCS t h a t  affcxl the  flltlll’c
habi tabi l i ty  of liarlh

● l;ind cxtr:it(’rtcstl  i:tl rcsourccs o f  hulnan  intclcsi
●  A s s e s s  SP:ICC froatic, rs saitahlc for ftlt(lrc  Iluman cxplora[iot)

Qu(’st  #f3: “lo Se{’k t h e  origin o f  l,ifc and its ILxistc’ncc lh’yon(l tllc ltar(h
● lllldcl’stall(l  tllc  SOIII”CCS all(l I’cscl”voils  of w’atcl al]d erg, anics - - Ilic

bu i ld ing ,  blocks  of life
● ]>ctcrmitlc.  Illc p l ane ta ry  cond i t ions  Ic(](lircd fol” Ihc c]i]crg,cl]cc of life
● SLIarch f o r  cvi(lcncc  o f  p a s t  aII(l plcscnt Iifc clscwl)crc  in our solal  syslclll

‘1’IIc order in
including cost,

f; ANJI’AIGNS

wl~if.-jl tjl~ l~asic isslles :ifc t a c k  lc(l arc drilfca b y  a varicly  O f  faCloJ”s
launch  ()]~jl()ltlltlitics,  dit’ficully,  at](l Iccllnical  capabil i t ies .  Ily

colnbining  scient if ic  quest ions with challcllg,illg (C.chrlol(lgy,  tllc
were or:, anizcxl into f ive  calnpai?,  ns - - - se t s  o f  IOCUSC(l  scicalific
w]~icl~ W C, will achic,  vc lhc p,oals of  the quc. sts using, i n n o v a t i v e
‘1’llc  f i v e  calllpaigns  in S o l a r  Syslcm lixploratioll  w h i c h  comt>inc
tcclll~ical Challcl]gcs, arc:

Road Map missions
illicstig,:lliolls  by

tools and tmhniqucs.
scientific and

(Uampaign # / l : lluil ding ]Ilocks  and our (~hcmical Or ig ins

‘1’hc  purjmsc o f  Illis  calupaign i s  to r e v e a l  t h e  propcr(ics  of  the matcria] from whicl)
IIlc so la r  Syslcln forlllcd, and dclcrminc  h o w  lhc p r e s e n t  solal  systcm c.volvc(l  f r o m
tl)c solar  ncblll:i to lllc  Cal’ly  p l a i n t s . IIy Cvalllatil]p, t h e  SOUICCS  aId rc.scrvoirs  of

w a t e r  and erg, anics, wc m a y  bcp, ia (0 all(lcrstand  (IIC cond i t ions  r equ i red  foj the
(II]lcr~,cncc of life. Records of the composition and l)hysical p]”occsscs  at t h e  tilnc o f
planet  follnation  am j)lcscrvcci ill comets,  aslcloicis<  “mc[coroi(is,  ()[l[cr planc[
ailllos])imrcs, all{i t i l e  Sllll. ‘1’ilc  cami)aig, il w i i i  iavclitol”y  tile  b a s i c  l)ilysicai<
Cilrlnlc.  ai, an(i isotopic propert ies  of  Ii)(: (iivcrsc malcri ais f r o m  w’i~ici~ ill:tnc[s
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Acl{llo}y.l c(lglllcl)ts
‘1’11(’ alltllol”s acknowlc(lgc the \vol’k 01 tllc cntilw solar Syskm 1<():1(1 h4 a p

l)cvcl[)pmcnl ‘]’c:IIJ1,  Jti(]loll(  which th is  work  w o u l d  not h a v e hen p o s s i b l e .  S p e c i a l
ll)anks :,() [() 1)]. (:h:il’lcs l;lachi for c h a i r i n g , II)is Ic:II)I, :111(1 [() l)ollglas Sle[sol)  1 0 1
serving, as spc. cifil  assisl:lnt 10 l)r. lilachi it] hcll)ins, 10 p(lll 111~ ~~l~tilc ~ffol’[ ~ogj~tll~’l’.
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